Drifting Through the Beehive  by Roth, Bradley J.
Biophysical Journal Volume 106 April 2014 1555–1556 1555New and Notable
Drifting Through the Beehive
Bradley J. Roth*
Department of Physics, Oakland
University, Rochester, Michigan
Spiral waves are thought to underlie
many heart arrhythmias, including
fibrillation (1,2). Some of the earliest
experimental recordings of spiral
waves indicated that sometimes they
drift (3), meaning that the core of the
spiral wave not only meanders in a
spirographlike pattern but also ambles
along, on average, in one direction.
This is not unlike the motion of an
electron in a copper wire, with a
random thermal motion—akin to the
meandering of a spiral wave, but less
organized—and a slower drift speed in
the direction of an applied electric field.
What causes the drift of a spiral wave?
One important factor is heterogeneity
of tissue properties. The resulting drift
has two components: one along the
direction of the heterogeneity, and
another perpendicular to it. Consider a
spiral wave rotating in the x-y plane. If
the tissue properties vary with x, then
the core of the spiral wave can drift par-
allel to the y axis. Whether it is in the
positive or negative direction along
this axis depends on whether the spiral
wave rotates clockwise or counter-
clockwise (4). The core can also drift
parallel to the x axis, usually toward
the region of longest action potential
duration (5). In this issue of the
Biophysical Journal, Calvo et al. (6)
use computer simulations to analyze
the drift of a spiral wave in the atrium,
where there exists a marked gradient
of tissue properties.
In their title, Calvo et al. (6) label
their model as representing atrial fibril-
lation, although perhaps ‘‘atrial flutter’’http://dx.doi.org/10.1016/j.bpj.2014.03.006
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opinion about the importance of this
simulation for atrial fibrillation may
depend on your point of view about
how fibrillation is sustained. Rogers
and Ideker (7) compare the competing
hypotheses by invoking twometaphors:
a rabbit warren and a beehive. In the
rabbit warren analogy, parent wave-
fronts break up into daughter wave-
fronts, which break up again and
again, like ‘‘rabbits breeding in a
warren’’ (7). Fenton et al. (8) have pre-
formed elegant simulations illustrating
this type of behavior. The alternative
view is that there exists a mother rotor,
the ‘‘queen bee’’ governing the beehive,
acting as the source of wave fronts that
sometimes fail or break up as they prop-
agate outward (8). This academic
debate over the mechanism that sus-
tains atrial fibrillation has a transla-
tional counterpart: investigators have
obtained clinical data that support
both the rabbit warren (9) and the
beehive (10) hypotheses. If you favor
the second metaphor, then for you, the
study of Calvo et al. (6) examines how
the mother rotor drifts through the
beehive.
The most important membrane cur-
rent distributed heterogeneously in the
study of Calvo et al. is the time-inde-
pendent inward rectifier, IK1 (11). This
potassium current plays a crucial role
both for determining the resting poten-
tial and for speeding the phase-three
repolarization of the action potential.
A larger IK1 corresponds to a shorter
action potential duration. The current
is inwardly rectifying, meaning that
for hyperpolarization, the current is
outward and large, but for depolariza-
tion, the current is inward and small;
it contributes little or nothing during
the action potential plateau. An earlier
study showed that a heterogeneous dis-
tribution of IK1 might be critical during
ventricular fibrillation (12). The article
of Calvo et al. (6) can be considered
as an analogous investigation for the
atrium. Another important precursor
to this study was that performed
by Ten Tusscher and Panfilov (5),who varied the magnitude of IK1
throughout a sheet of cardiac tissue
and thereby induced spiral wave drift.
They concluded that IK1 heterogene-
ities ‘‘lead to drift of spiral waves
toward regions of longer period’’ (5).
Calvo et al. represent the atrium as a
two-dimensional sheet of cardiac tis-
sue, with the left atrium (large IK1)
on the left side and the tissue surround-
ing the pulmonary veins (small IK1) on
the right side. As you might expect,
they observe a shorter action potential
duration on the left than on the right,
and the spiral-wave core drifts right-
ward. When ferreting out the mecha-
nism of this drift, they do not focus
on the action potential duration as
much as the minimum diastolic
transmembrane potential, or, in other
words, how close the action potential
returns to rest between excitations. A
lower diastolic potential results in a
more fully recovered sodium channel,
making the tissue more excitable.
Calvo et al. claim that excitability is
the key factor that best predicts the
drift direction.
While the report of Calvo et al. an-
swers some questions, it leaves other
issues unresolved. For instance, they
do not emphasize the component of
drift perpendicular to the IK1 gradient,
even though it is present in their simu-
lations. Indeed, their Fig. 7 B suggests
that in some cases this component
may be more pronounced than the drift
toward the pulmonary veins.Moreover,
other factors besides IK1 can affect
the movement of the spiral-wave core.
Rogers and McCulloch (13) showed
that heterogeneities in fiber orientation
can induce drift, and my own work
with Victor LeBlanc suggests that drift
can arise from the different degrees
of anisotropy in the intracellular and
extracellular spaces (14). Indeed, the
drift of spiral waves is a complex sub-
ject, with many underlying mecha-
nisms (15). Calvo et al. have provided
valuable insight into one aspect of
1556 Rothspiral wave drift that may be important
during atrial fibrillation.REFERENCES
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